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Introduction
The primary aim of the German mammography screening program, which was rolled out in 2005 and adheres to the European Guidelines for Quality Assurance in Breast Cancer Screening and Diagnosis [1] , is to reduce breast cancer mortality by early detection of breast cancer in asymptomatic women. In this review, we will first shortly describe the history, evidence, and current practice in mammography screening in Europe in general. Secondly, we focus on the newly implemented mammography screening program in Germany. Thirdly, we will report performance indicators of the first screening rounds of the program in Germany's most populous state, North Rhine-Westphalia (NRW), and compare these with reference values set by the European guidelines [1] . Finally, we compare screening performance indicators of the mammography screening programs in England, Italy, The Netherlands, and NRW.
Evidence, History, and Current State of Mammography Screening in Europe
When launching the 'Europe against Cancer' program in 1986, the Committee of Cancer Experts of the European Community (EC) decided that systematic population-based screening should be implemented for those cancers for which such strategy had been shown to reduce mortality. Nowadays, the Council of Europe recommends population-based organized mammography screening for breast cancer for women Breast Care 2011;6:104-109
Mammography Screening: Evidence, History and Current Practice 105 established in 26 of the 27 member states ( fig. 1) [7, 8] . Most programs target women in the age group of 50-69 years, with a 2-year interval between screening tests. Other European countries with long-established organized mammography screening programs are Norway, Iceland, and the Frenchspeaking cantons of Switzerland.
Meanwhile, several comprehensive evaluations of the population-based screening programs have been conducted. For example, in The Netherlands, a statistically significant reduction in breast cancer mortality of 19.9% among women aged 55-74 years was reported 11 years after introduction of mammography screening, as compared with the period before the introduction of screening [9] . An evaluation of mammography screening in 13 Swedish areas found a 43% reduction in breast cancer mortality associated with being screened, after adjustment for self-selection for screening, and a 27% reduction associated with the policy of offering screening [10, 11] . In Denmark, a significant 25% reduction in breast cancer mortality was shown within 10 years after the introduction of screening in Copenhagen, compared with rates before screening commenced and control areas without screening [12] .
The magnitude of mammography screening effectiveness has been questioned lately in analyses of the Norwegian and Danish screening program [13, 14] . This dissent can be explained by both the difficulties of separating the intertwining effects of early detection by screening and improvements in therapy on breast cancer mortality reduction over time and the many factors that may distort estimates of screening effectiveness when analyzing observational data from screening programs compared to those from randomized controlled trials. However, almost all experts, including so-called screening skeptics, agree that there is sufficient evidence to assume that mammography screening reduces breast cancer mortality. The actual magnitude of this reduction and the impact of negative screening effects (false-positive and false-negative results and overtreatment of small cancers) is still a hotly debated topic.
History and Current State of Mammography Screening in Germany
In 2002, the German parliament decided to introduce a nationwide breast screening program for women aged 50-69 years that adheres to the European guidelines. For this purpose, the statutory health insurance schemes (Krankenkasse), together with the federation of health insurance scheme doctors (Kassenärztliche Vereinigung), founded the national Mammography Cooperative. Five national reference centers are tasked with quality assurance and monitoring of the screening program, each supervising a number of screening units operating in their region. The screening units are specialized diagnostic imaging centers, certified to execute the mammography screening program according to the European aged 50-69 years and requires that screening programs comply with the European guidelines [1, 2] .
The effectiveness of mammography screening has been evaluated in randomized controlled trials. These have consistently shown mortality reductions of 20-35% amongst women in the age range of 50-69 years [3] [4] [5] . Following the early results of these trials, the EC proposed pilot screening programs to its member states in 1986. Several countries including Sweden, the UK and The Netherlands had already decided to implement a nationwide mammography screening program. Pilot screening programs were established in Belgium, Denmark, France, Greece, Ireland, Luxemburg, Portugal, and Spain. To stimulate dissemination of screening expertise among member states, the EC established the European pilot screening network. At the request of the Subcommittee on Screening of the 'Europe against Cancer' program, experts participating in this network developed the first edition of the European guidelines on population-based service screening for breast cancer [6] . The current 4th edition of these guidelines was published in 2006 [1] .
Over 254 million women are currently living in one of the 27 member states of the European Union (EU); approximately 60 million of them are aged between 50 and 69 years. Screening programs incorporating assurance mechanisms for both radiology and pathology services are running or being 
Results of the Mammography Screening Program in North Rhine-Westphalia
In this section, we will first describe the implementation of the mammography screening program in North Rhine-Westphalia. Secondly, we compare important performance indicators with reference values set by the European guidelines.
North Rhine-Westphalia is Germany's most populous state, with approximately 18 million inhabitants and 2.2 million women of screening age, thereby constituting just over 1/5 of the screening target population of Germany. In the years directly preceding the onset of population-based mammography screening, breast cancer incidence and mortality were 2.6 and 0.70, respectively, per 1000 women aged 50-69 years. Organized mammography screening started in 2005, and since then the Reference Center for Mammography at the University Hospital of Münster has been responsible for the ongoing monitoring of the breast screening program. State-wide coverage was reached in August 2008 when the 23rd screening unit started. In the first 3 years, all but one screening unit used digital techniques. By the end of 2008, this screening unit also changed to digital screening.
From 2005 until 2009, a total of 3,032,438 screening invitations were sent out. Invitation rates increased from 17.6% in 2005 to over 100% in 2009 to compensate for the limited capacity in the previous years (table 1). A total of 1,589,015 women attended screening, yielding an overall attendance rate of 53.4%. Of all screens, 79.8% were initial ones and 20.2% were subsequent examinations. The recall rate for further assessment of screen-detected abnormalities was 6.1% for initial screens and 3.4% for subsequent screens. The corguidelines. All parties involved in the German mammography screening program must adhere to strict federal and state laws on personal data protection.
Prior to the nationwide implementation of the populationbased German mammography screening program, its feasibility was examined by 3 pilot projects in the cities of Bremen and Wiesbaden and the rural area Weser-Ems, over the years 2001-2005 [15] . Based on the outcomes and knowledge gained by these projects, roll-out of the nationwide screening program started in 2005 and was completed by 2009. So far, over 90% of all eligible women have been invited for screening.
Invitation units (Zentralstellen) invite women in the age range of 50-69 years to participate in the screening program at 2-year intervals by sending a personal invitation letter with a fixed appointment which can be changed on request. Nonresponders receive a reminder in about 6 weeks after they miss the initial appointment. For the purpose of the mammography screening program, invitation units receive limited personal data on eligible women from local or regional population registers. These data must be deleted shortly after (re) invitations have been sent.
All mammograms are read independently by 2 specialized breast radiologists at the screening units. To resolve discrepancies between the interpretations of the 2 readers, review by consensus including a 3rd reader is mandatory. All In table 3 , we show recent data on invitation, attendance, and selected screening performance indicators for the different mammography screening programs. Attendance rates were highest in The Netherlands: 79.0% for initial and 82.8% for subsequent screens. Recall rates for initial and subsequent screening examinations were lowest in The Netherlands, whereas cancer detection rates were relatively high (5.9 and 5.2 per 1000 participants, respectively). For the other programs, recall rates on initial screens exceeded the target levels set by the EU guidelines. However, in both England and North Rhine-Westphalia, cancer detection rates were higher than those in The Netherlands. We also note that observed differences between countries should be interpreted with caution as many factors may be responsible for this. For example, both breast cancer risk differences among women attending the program and the average length of the screening interval vary among countries.
Discussion
We described evidence, implementation, and current practice of mammography screening in Europe and, more specifically, Germany. Our analysis of the first screening rounds conducted from 2005 to 2009 in North Rhine-Westphalia indicates that the organized mammography screening program performs well and complies with the EU guidelines. In accordance with previous analyses [17] , breast cancers were detected in earlier responding average breast cancer detection rates for initial and subsequent screening examinations were 3.1 and 2.3 times the background incidence of 0.26%, respectively. The proportion of all screen-detected cancers that were ductal carcinoma in situ (DCIS) was 19.1%. The proportions of screen-detected invasive cancers ≤ 10 mm were 29.1% and 35.0% for initial and subsequent screening examinations, respectively. Of all invasive cancers, 75.4% and 79.5% were node negative for initial and subsequent screening examinations, respectively; 30.0% (initial screen) and 23.4% (subsequent screen) of invasive cancers were in stage II+ (UICC). Almost all screening performance indicators were in compliance with the EU guidelines.
T 
Screening Performance Indicators of 4 European Mammography Screening Programs
In both England and The Netherlands, population-based organized screening programs started about 20 years ago. In 2001, the upper age limit for screening was extended to 70 years in England; until then the upper age limit was 64. The screening interval remained at 36 months. In The Netherlands, the upper age limit for screening was extended from 69 to 75 years after implementation of the screening program screening mammograms at regular intervals [19] . Another factor may be the ongoing public discussion about benefits and harms of screening. Based on the observed high proportion of screen-detected small invasive cancers and other beneficial findings, we expect a growing acceptance of the organized mammography screening program in Germany.
Besides a potential reduction of breast cancer mortality of up to 30% among screening participants, other major benefits of the organized screening program are a reduction in the need for extensive (neoadjuvant) therapy, implementation of specialized multidisciplinary breast centers in which dedicated health care professionals work together to improve overall breast cancer care for all, and the increase of breast health awareness among women of all ages. Among the negative stages of disease than before implementation of the program and, although recall rates exceeded desirable levels, the corresponding breast cancer detection rates were relatively high, considering the historical setting of widespread opportunistic screening. We believe that these promising results capture the benefits of digital screening and, more specifically, the improved detection of calcification-related malignancies [18] .
Despite all public relations efforts, attendance rates were relatively low (approximately 53%). This may be partly explained by continuation of breast screening activities outside the organized program (so-called opportunistic or gray screening), especially among women with private health insurance. Before implementation of the screening program, it was estimated that 25% of all women aged 40-70 years had The policy is to invite all women for their initial screening examination before their 53rd birthday. In 2001, the upper age limit for screening was extended to 70 years; until then the upper age limit was 64 years. b In 1998, the upper age limit for screening was extended to 75 years; until then the upper age limit was 69 years. References effects of mammography screening are exposure to radiation, the diagnosis of cancers that would never have led to symptomatic disease if left undetected (overdiagnosis) with consequential overtreatment, distress among women who are recalled for further assessment of screen-detected lesions that prove to be benign (false-positive results), and existing malign lesions not detected by screening (false-negative results). To facilitate informed individual decision making by women of screening age, the Mammography Cooperative has published an evidence-based fact sheet including a flow chart with estimates of benefits and risks accumulated over 20 years of biannual mammography screening [20] . In this fact sheet, it is estimated that 200 women need to be screened for 20 years (10 screening examinations) to prevent 1 breast cancer death. Further, it is estimated that of these 200 women, 1 extra woman will be diagnosed with breast cancer compared to a non-screening control population, and 50 women will be recalled for the assessment of a benign lesion. Additional future analyses of the German mammography screening program should focus on interval breast cancers. The German cancer registries are tasked with the identification of interval cancers by comparing encrypted data on attendance and screening results from the screening and invitation units with all breast cancer cases reported from hospitals and pathologists. This enables identification of interval cancers and cancers detected among non-responders. We also aim to conduct a comprehensive cost-benefit analysis, including the effect of the mammography screening program on breast cancer mortality.
In conclusion, by analyzing the first rounds of the newly implemented mammography screening program in North Rhine-Westphalia, we showed that the German program performed well and complies with the European guidelines. The joint efforts of all personnel responsible for execution of the program, the comprehensive quality assurance measures, and the predominant use of digital techniques resulted in successful implementation and good performance of the population-based mammography screening program in Germany.
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